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Introduction
Discharge from intensive care unit (ICU) is usually planned when patients have recovered from critical illness or when the intensive care physician believes that further intensive care treatment is no longer in the patients best interest. The duration of stay in intensive care depends on the severity of the presenting problem and the pre-morbid physiological reserve of the patient. It is known from the published literature that admission and discharge of patients from intensive care units during 'after-hour' periods is associated with an increased mortality and morbidity [1] [2] [3] .
Timely discharge of patients from the ICU is important. The non-availability of beds in the hospital wards may contribute to ICU discharge delay. It is essential that patients are discharged in a timely manner to facilitate their ongoing care and hospital discharge planning. The Australian Council on Health Care Standards (ACHS) recommended a delay in discharge of more than 6 hours from ICU to be a key performance indicator for acute hospital service delivery [4] .
Delayed discharge from ICU may have undesirable patient consequences. The extended stay of patients in intensive care units may be associated with potential problems including disturbances in sleep [5] , increased incidence of delirium due to poor quality of sleep in ICU [6] , increased risk of acquiring multi-resistant bacterial infections [7] , and a delayed review or irregular reviews from the parent (admitting) team of the patient, after the discharge from ICU and an overall increase in duration of hospital stay. Furthermore delay in discharge may also delay or reduce the availability of ICU facilities for those patients in need of intensive care.
Our aim was to measure the incidence and reasons for delayed ICU discharge and assess its impact on the patient outcomes. Our hypothesis was that a delay in ICU discharge may be associated with an increased hospital length of stay from the time of ICU discharge decision.
Methods
Approval from the Human Research Ethics Committees (HREC) of each participating hospitals was obtained prior to commencement of this study. Consent from individual patients was waived. Identified patient level data was available to authors at their own individual site but was collated into a single de-identified dataset for analysis and reporting purposes.
Study Design
This study was a prospective observational study performed over a 3-month period (Feb 2013 -May 2013 involving the ICUs of five hospitals (Bendigo Hospital, Box Hill hospital, Dandenong Hospital, Frankston Hospital and Maroondah Hospital) in Victoria, Australia. No ICU in this study admitted cardiac and neurosurgical patients or major trauma patients. Patients who deemed suitable to be discharged from the ICU were enrolled into the study. Patients were considered suitable to be discharged from ICU if they no longer required organ support or advanced monitoring such as arterial, central venous or pulmonary arterial pressures or cardiac output. Suitability of discharge was determined by the intensive care specialist and this remained consistent across the participating intensive care units. Discharge decisions were predominantly made during the first ICU ward rounds performed by the intensivist. The exact times of ICU discharge decision and the actual time of ICU discharge were documented on the patients' charts. If the time of discharge decision or the time of discharge was not documented or were unclear patients were excluded (Fig 1) . The intensive care specialists were not aware of the ward bed availability for patients to be discharged at the time of making discharge decisions. After enrolment patients were categorised into two groups based on their time taken to be discharged from the ICU.
No delay in discharge group (No delay)
Discharged within 6 hours of the decision to discharge from ICU and.
Delayed discharge group (Delayed)
Discharged at least 6 hours after the decision to discharge from ICU was made.
Inclusion Criteria
All patients assessed as suitable to be discharged from the ICU by the intensivist in charge of the intensive care unit.
Exclusion Criteria
There were no general exclusion criteria for patients. However, the following patients were excluded from assessment of delirium using the Confusion Assessment Method for the ICU (CAM ICU): Patients with inability to communicate due to severe dementia or severe hearing loss or brain injury or patients who were discharged for comfort / palliative care.
Outcome measures
The primary outcome measure included the Duration of hospital stay from the time of ICU discharge decision. Secondary outcome measures included discharge from ICU after hours (18:00 to 08:00), Incidence of delirium from ICU discharge decision time to the first 48 hours of admission to a hospital ward, survival to hospital discharge, discharge destination (including home, rehabilitation, other hospital or death), the incidence of infections acquired in intensive care after the decision to discharge from ICU was made, revocation of ICU discharge decision, unplanned readmissions to ICU within 72 hours, review of patients by parent (admitting) team after ICU discharge decision.
The incidence of delirium was assessed by the Confusion Assessment Method for the ICU (CAM-ICU) [8, 9] by an independent person who was trained to assess delirium but was not an investigator of this study. Delirium was assessed at least once daily starting from the time of planned ICU discharge. First assessment of delirium was done within 6 hours of planned ICU discharge decision time. Daily delirium assessments were performed until 48 hours in the hospital ward. Any episodes of delirium that occurred in between the daily assessment from CAM ICU were also recorded and included in the analysis. with sepsis [10] . Data was collected by a designated data collector on a specifically designed data collection sheet.
Statistical analysis
Categorical variables were presented using frequencies and percentages. Continuous variables were summarised using means and standard deviations or medians and interquartile ranges depending on the underlying distribution of the data. Univariable comparisons between groups (delayed discharge: yes vs no) were made using Student's t-test for normally distributed continuous variables, Mann-Whitney U test for non-normally distributed continuous variables and chi-square test for equal proportions or Fisher's exact test as appropriate for categorical variables. The distribution of the primary outcome duration of hospital stay from the time of ICU discharge decision was found to be approximately normal after logarithmic transformation. Multivariable analysis was performed using linear regression to assess the independent effect of delayed ICU discharge with results reported as geometric means and 95% confidence intervals (95% CI). Variables with p<0.05 on univariable analysis or those judged to be clinically significant were included as covariates in the regression analysis. The variables that were included in multivariable analysis were APACHE III score (with age component removed), age, duration of ICU stay after the ICU discharge decision was made, requirement of mechanical ventilation, admitting unit, centre where the patients was admitted, and isolation room requirement at ICU discharge. A two-sided p value less than 0.05 indicated statistical significance. Analyses were performed with SAS software version 9.4 (SAS Institute, Cary, NC, USA).
Results
A total of 1118 patients were discharged from the participating ICUs during the study period. Of these, 955 patients (85%) were included in the final analysis. A description of patient recruitment is presented in Fig 1 . Data on primary outcome was available in 908 patients (95%). The demographic and outcome characteristics are presented in Table 1 . Overall, patients who had a delay in ICU discharge were older and had a higher SAPS II and APACHE III scores on admission (Table 1) .
In 477 patients (49.9% (95% CI 46.7% to 53.2%)) experienced a delay in ICU discharge. The median duration of the delay was 24 hours (IQR 8.8-31) ( Table 2 ). The most common reason for delay in discharge was the non-availability of ward bed. A small but significant proportion of patients discharge was delayed to avoid overnight discharge. The characteristics at the time of discharge from ICU are comparable in both groups except for the increased need for isolation room in patients with a delay in discharge (Table 3) . On univariable comparisons, patients whose discharge was delayed had a significant increase in duration of hospital stay from the time discharge decision was made (Table 4 ). However, after the patients were discharged to the ward, the hospital length of stay was comparable between both groups (Median days and IQR: 5 (2-9) Vs 5 (2-9); p = 0.76) (Fig 2) .
Comparisons of secondary outcome measures are shown in Table 4 . The incidence of sepsis and delirium were comparable in both groups. However, in comparing the subgroup of patients where ICU discharge was delayed by more than 24 hours the incidence of delirium (assessed on the 2 nd day of ICU discharge delay) was significantly higher (6% V 11%; p = 0.035) (Fig 3) as compared to those patients who did not have a delay in ICU discharge. After-hours discharge was significantly higher in patients where discharge was delayed (Table 4 ). There was no significant difference in revoking of discharge decisions between both groups (Table 4 ). The incidence of delirium and sepsis during the first 48 hrs in the wards were comparable between both groups (Table 4 ). Patients admitted after major gastrointestinal surgeries had a higher incidence of delay in discharge (Table 5 ). Multivariable analysis demonstrated that the delay in ICU discharge was independently associated with an increased hospital length of stay after the ICU discharge decision. After adjusting for known confounders, patients who had a delay in ICU discharge had a 1.7 day increase in duration of hospital stay from ICU discharge decision ((Geometric mean 1.57 (95%CI 1.20-2.06) Vs 3.30 (95%CI 2.51-4.35); P<0.001) as compared to patients with no discharge delay. Sensitivity analysis including patients who survived hospital discharge showed a similar increase in duration of hospital stay (from the time of ICU discharge decision) with 
Discussion
Our study showed that patients who were discharged with a delay of more than 6 hours had a longer length of hospital stay and more patients were discharged after hours. Furthermore, a higher incidence of delirium was noted if their discharge was delayed by more than 24 hours. The most common cause for the delay in discharge was the non-availability of hospital ward bed. Studies evaluating the reasons for delayed discharge reported similar findings [11] [12] [13] . The most common reason reported was lack of ward bed. The other major factor that leads to delay in discharge was medical concerns or clinical deteriorations after the ICU discharge decision [11, 13] . In our study the most common reason for the delay was non availability of hospital bed. However, we have not noted patient deterioration warranting revoking of ICU discharge decision noted in other studies.
The results of our study may aid in planning of health care delivery in settings similar to our study centres. A delayed discharge from ICU is associated with increased length of hospital stay which may be associated increase in health care costs esp. of the intensive care costs. Our study showed that after the patients were discharged from ICU the duration of hospital stay is comparable between patients with or without ICU discharge delay. It is unclear from our study as to the exact reason for this. However, it is likely that the physicians and other health care providers may require a certain amount of time to assess the suitability of patients who may be discharged from the hospital irrespective of the time patients spend in ICU after ICU discharge decision. Our study found that patients with higher APACHE III score on admission experienced an increase in delay. It is difficult to explain this phenomenon as the severity of illness for our patient cohort at the time of discharge decision making should have been comparable. It is conceivable that when patients were ready for discharge to the wards in the setting of inadequate availability of ward beds, patients with lower APACHE III score (and therefore possibly lower ICU length of stay prior to discharge decision) may have been discharged in preference to those patients with higher APACHE III scores. We did not notice any increase in the hospital duration of stay between both groups after they were actually discharged from ICU. There was also no difference in unplanned readmission within 72 hour rates or revoking the decision to discharge from ICU in either group. Furthermore, delayed ICU discharge did not contribute to a shorter hospital stay post ICU discharge. These findings suggest that patients who were discharged to the ward within 6 hours were appropriate for ward care and a timely discharge may potentially have reduced the duration of hospital stay from the time of ICU discharge.
The delay in ICU discharge may also reduce the availability or delay the access of intensive care facilities for those who are in need. We did not evaluate the incidence of delay in admission to ICU or admission refusal to ICU due to lack of ICU bed when patients were referred for ICU admission. It is possible that during our study period some patients admission to the intensive care may have been delayed due to the discharge delays from ICU. Such delay in admission may increase mortality and morbidity [14] [15] [16] The incidence of delirium associated with ICU stay is reported to be between 30 and 80% [17, 18] . The apparent lower incidence of delirium (6-9%) reported in our study must be interpreted in the light that we only have reported the incidence of delirium after the discharge decision was made to 48 hours of stay in the hospital ward.
Our study demonstrated that the incidence of delirium was higher in patients whose ICU discharge was delayed by more than 24 hours. While age, severity of illness are known to be predictors of delirium during the ICU stay [19] it is not clear if these features will predict the occurrence of delirium after discharge of patients from ICU. Our study revealed that patients who had a delay in discharge were older and had higher APACHE III scores. While it may be possible to attribute this to the increased incidence of delirium, there was no significant difference in delirium in patients 'at the decision time' of ICU discharge or on the 1 st and 2 nd days in the wards (Fig 3, Table 4 ). After hours discharge was noted to be significantly higher in patients with a delay in ICU discharge. Some studies have noted an increase in mortality in patients discharged form ICU after hours [2, 3, 20] and other have noted no such increase [21] . As afterhours discharge may be a consequence of a delay in ICU discharge, every effort should be made to reduce the delays in ICU discharge thorough appropriate planning.
Strengths
Our study is a prospective study that was conducted in 5 intensive care units. These results should be generalisable for intensive care units with similar case mix. The duration of the study is long enough and included data collection during the entire weeks to account for any day to day or weekend fluctuations of admission and discharge process. Investigation of concepts such as delay in discharge from ICU is almost impossible with other study designs such as randomised controlled trails. Observational studies such as this study will contribute to understand the implications of such issues.
Limitations
It is possible that the delay in discharges may have variation during different seasons or time periods. We did not have predefined criteria to assess the suitability of ICU discharge. However the study's pragmatic design should assist in quantifying the extent of this problem in routine practice of intensive care medicine in Australia and other comparable health care settings. We did not have the data on the duration of ICU stay before ICU discharge decision or the organ supports and other therapies the patient's may have received or their severity illness scores, or ICU or ward census data at the time of ICU discharge decision. These data may have given further insight into the reasons for delay in ICU discharge. The assessment of delirium may have been more rigorous and frequent in ICU as compared to ward assessments that may have contributed to an increased increase of delirium in ICU. For those patients who developed delirium in ICU post ICU discharge decision, the presence of delirium by itself may have contributed to the delay in discharge.
Conclusions
Delayed discharge was noted in nearly 50% of patients. Delay in ICU discharge is associated with an increased duration of hospital stay and the incidence of afterhours discharge. 
